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What is your greatest research 
ambition? I want to ‘watch’ behaviour 
happening in the nervous system 
of an intact or semi-intact fruit fly. 
This will require instrumentation 
that will allow us to record optically 
from brain neurons with previously 
defined functions. We will soon have 
available many of the cell lines needed 
to perform these experiments. Many 
technical hurdles remain before the 
experiments actually can be carried 
out — not the least of which is 
obtaining access to the required two-
photon imaging system — but it still 
amazes me that, by switching to fruit 
flies, we now can actually think about 
performing experiments that were only 
dreamed of such a short time ago. 
What do you think are the big 
questions to be answered next 
in your field? Behaviour happens in 
stereotypical patterns which switch 
from one to the other along statistically 
determinable lines. Even though 
we can recognize and score these 
patterns and they are recognizable and 
meaningful to other members of the 
species, each time an animal shows 
a pattern of behaviour, it is different. 
We know and continue to learn a 
great deal about how the ‘wiring 
diagrams’ of nervous systems are 
assembled — clearly transcriptional 
codes are key elements in that 
assembly. But the wiring diagrams 
only represent the scaffolding on 
which behaviour is constructed. 
Much less is known about how 
the scaffolding is assembled into 
simple pattern generating circuits, 
although elegant work from Michael 
Bate’s laboratory at the University 
of Cambridge is beginning to make 
major contributions in that arena. 
Still less is known about how these 
simple patterns are assembled into the 
complex behavioural patterns noted 
by observers of animal behaviour. I 
anticipate that the next decades will 
see major advances in this arena too, 
as investigators begin to address 
questions of how behaviour gets 
wired into nervous systems — what 
are the roles of genes? hormones? 
experience? Once the patterning 
machinery is established, a next key 
step will be, how does behaviour work 
and how is it molded by experience.
Department of Neurobiology, Harvard 
Medical School, Boston, MA 02115, USA.  
E-mail: edward_kravitz@hms.harvard.eduSlippery issue
This spring, the member countries 
of the Convention on International 
Trade in Endangered Species (Cites) 
have started to regulate trade in the 
European eel, a highly prized delicacy 
in Europe and Asia, given the 
plummeting numbers of this species.
It is widely distributed in coastal 
areas and freshwater ecosystems 
in Europe and the Mediterranean 
and was once abundant. It has one 
of the most complex life histories of 
any vertebrate: adults migrate from 
Europe to the Sargasso Sea near the 
Caribbean where they breed and then 
die. The offspring then rely on ocean 
currents to carry them back to Europe 
where they enter the freshwater river 
systems to grow before setting back 
out for the Sargasso Sea. 
“Eels are no longer the familiar 
sight in European and Caribbean 
waters that they once were,” says Willem Wijnstekers, secretary-general 
of Cites. “Many people derive a 
substantial living from fishing for 
them, while others are involved in 
the aquaculture which grows the fish 
to marketable size. All this is under 
threat unless fishing for European eels 
is put on a more sustainable footing.”
Older eels are caught for their 
meat but glass eels, an early stage 
of eel newly returning to Europe, are 
mostly harvested live to be grown 
to marketable size in aquaculture 
facilities predominantly in Asia, 
but also in Europe. About half the 
eels caught in Europe are exported 
to China, Japan and South Korea 
for this purpose and, in recent 
years, this amounted to more than 
200 million eels per year, Cites says.
Unofficial estimates suggest that, 
as recently as the 1990s, around 
30,000 tons of eels were captured 
every year, with a value of around 
200 million euros and that around Steep decline: Numbers of European eels are falling dramatically. (Photo: Alamy/David 
Hosking.)
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of the differences in their physical 
implementations, actually seem to 
have very similar logical structures. 
This is just one example of what we 
call colony-level cognition.
Is colony-level cognition a new 
idea? The analogy between social 
insect colonies and brains is not 
new, originating most prominently 
with Douglas Hofstadter in his book 
‘Gödel, Escher, Bach’. The phrase 
‘collective intelligence’, championed 
by one of the authors (N.R.F.), has for 
two decades been applied to describe 
the behaviour of social insect colonies 
and other similar biological systems. 
Examples include foraging patterns 
of army ant raids, division of labour 
in honeybee colonies, and so on. 
In these systems, we suggest that 
the collective behaviour observed is 
indeed intelligent, in that it responds 
adaptively to the environment of 
the colony. But there is typically no 
obvious relationship between different 
collectively intelligent behaviours, 
other than a frequent reliance on the 
principles of self-organisation, or 
between these collective behaviours 
and behaviours that individual animals 
might exhibit. Thus, understanding 
these behaviours has to be 
undertaken on a case-by-case basis. 
We propose, however, that colony-
level cognition is distinct from 
collective intelligence, in that it rests 
on parallels between how social 
insect colonies function as cognitive 
systems, and how brains function as 
cognitive systems. We further propose 
that both individual and collective 
cognitive systems can benefit from 
this unified approach. We are not 
alone in arriving at this conclusion, as 
a recent review attests (see ‘Where 
can I find out more?’).
Why is colony-level cognition a 
useful idea? We believe a defining 
feature of the idea of colony-level 
cognition is that analysis and 
understanding of one system can 
provide insights for other systems. 
In other words, different cognitive 
systems, such as brains or social 
insect colonies, may be analysed 
and understood within the same 
framework because of their logical 
structure, regardless of the physical 
details of how this structure is 
implemented. Researchers have 
already taken the idea of analysing 
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What is cognition? We favour the 
following definition of cognition: 
“cognition [is] the ability to use 
internal representations of information 
acquired in separate events, and to 
combine these to generate novel 
information and apply it in an adaptive 
manner” (Chittka and Osorio, 2007).
What is ‘colony-level cognition’? 
For some time now it has been 
recognised that colonies of certain 
social organisms, for example 
social insects such as ants or 
honeybees, can legitimately be 
regarded as functionally integrated 
‘superorganisms’. In a social insect 
colony, colony-level cognition can 
be understood as cognition where 
internal representations are within 
the individual insects and their 
interactions with one another, just as 
in a brain the internal representations 
of cognition are in action potentials 
of neurons and their patterns of 
interaction. 
Recently researchers working 
on collective decision-making by 
social insects have noted structural 
parallels between how house-hunting 
colonies are believed to reach 
decisions, and how neural circuits 
in the primate visual cortex achieve 
decision-making during motion-
discrimination tasks (Figure 1). In 
both ant and honeybee colonies, 
and in the neural circuits, different 
populations act as integrators of noisy 
information on alternatives available 
in the environment, and a decision is 
reached when one of these integrator 
populations reaches a threshold. 
In both systems, these integrator 
populations may be arranged such 
that activation of one suppresses 
activation of the others. Finally, in both 
the social insect and neural systems, 
the decision threshold can be varied 
to achieve either quick but inaccurate, 
or accurate but slow decisions. Thus, 
these diverse cognitive systems, while 
Quick guides20,000 people obtained a living 
from this fishery. But since then, 
catches have fallen to around 
5,000–10,000 tons but prices have 
risen substantially, maintaining the 
incentive to pursue this declining 
species.
Overfishing, in combination with 
habitat loss, pollution, the damming 
of rivers and climate change 
affecting ocean currents, have all 
contributed to the sharp decline 
in eel populations. The stock of 
juvenile eels is estimated to have 
declined by 95–99 per cent since 
1980, Cites say. However, eels have 
a high survival rate, meaning that 
wild populations could recover if 
fewer young eels were caught.
The stock of juvenile eels is 
estimated to have declined 
by 95–99 per cent since 1980, 
Cites say. However, eels have 
a high survival rate, meaning 
that wild populations could 
recover if fewer young eels 
were caught.
The new Cites measures are 
now in place and it is hoped 
that they will help establish a 
sustainable fishery for the European 
eel. All exports now have to be 
accompanied by an export permit, 
which can only be issued after 
scientists in the exporting countries 
have confirmed that the levels of 
trade are not detrimental to the 
survival of the species and that 
the European eel is maintained, 
throughout its range, at a 
population level consistent with its 
role in the ecosystem, Cites say.
Exporting countries will need 
to re-evaluate their eel fishery 
management in order to meet these 
requirements. Importing countries 
will play their part by ensuring that 
all imported eels are accompanied 
by the required Cites export permits.
But, if there is any weakening in 
the ocean currents that bring the 
young eels across the Atlantic, no 
fishing controls are likely to have 
any impact on future populations.
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